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MAGNETIC DISC HAVING PHYSICAL SERVO PATTERNS 
WITH A MAGNETIC CARRIER, 
AND METHOD OF MAKING AND USING THE SAME 

5 FIELD OF THE INVENTION 

This invention relates to embedded servo data on magnetic discs, and 
particularly to a disc having irregularities of magnetic properties forming an 
embedded servo pattern, and a process for making and using the same. 

BACKGROUND OF THE INVENTION 

10 In magnetic disc drives, data bits recorded on concentric tracks of 

magnetic discs are established by the orientation of magnetic dipoles in the disc 
medium. As the disc rotates, a confronting read head senses changes in the 
magnetic field due to changes in dipole orientation of data bits passing the head. 
Data may be in the form of user data and servo data. Servo data are used by the 

15 disc drive to control operations of the drive, such as head position, indexing, 
identification and track and sector addressing. In embedded servo systems, 
servo data are recorded on the same disc surface as user data; the servo data 
appearing in servo sectors located in pre-defined spokes spaced at regular 
intervals along the tracks. In contrast to embedded servo systems, dedicated 

20 servo systems employ a separate disc surface dedicated to the servo data. While 
the present invention is useful with dedicated servo systems, it will be described 
in conjunction with embedded servo systems. 

Servo data are ordinarily recorded at a lower frequency than are user 
data. Presently user data are recorded at frequencies above about 500 

25 Megahertz (MHz) and in some cases into the Gigahertz (GHz) range, whereas 
servo data are usually recorded at lower frequencies (30 to 120MHz). 

The areal density of data recorded on a disc is limited by the amount of 
data that may be recorded on a single track and the number of concentric tracks 
that may be compacted onto the disc (track density). The track density is limited 

30 by track width and spacing, by the width of the read/write head confronting the 
disc surface, by the flying characteristics of the head, and by the positioning of 
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servo data. There are problems in writing magnetic servo data for high density 
discs, particularly in the replication of the process for mass production of the 
discs. Consequently, interest has arisen in forming servo patterns with 
irregularities in the magnetic properties of the magnetic disc. These 
5 irregularities are usually in the form of pits or grooves in the recording surface. 
The pits or grooves are of sufficient depth as to cause a discontinuity in the 
magnetic field sensed by the read head. The pattern of discontinuities represents 
servo data. 

One problem with the use of surface irregularities, such pits and grooves, 
10 is that the pits or grooves were of such a depth as to have a limiting effect on 
track density. More particularly, the pits or grooves needed to be deep enough 
to create magnetic field discontinuities so that the recovered servo data signal 
had a satisfactory signal-to-noise ratio. The deep pits and grooves caused 
difficulties with medium deposition and corrosion, and debris accumulated in 
15 the pits, often affecting the recorded servo data. While more shallow pits and 
grooves would permit fewer medium difficulties, shallow pits and grooves do 
not create magnetic field discontinuities that are necessary for satisfactory 
signal-to-noise ratios ui the recovered servo signal. The present invention 
provides a solution to this and other problems, and offers other advantages over 
20 the prior art. 

SUMMARY OF THE INVENTION 
The present invention employs a disc medium having irregularities in 
magnetic properties in a pattern defining the servo pattern. A high frequency 
magnetic carrier signal is written through the servo pattern so that a read head 

25 passing by the servo pattern reads a varying magnetic field intensity to recover 
the servo data, such as by amplitude demodulation of the magnetic carrier. In 
one form of the invention, the irregularities are surface irregularities in the disc 
having elevations different from the elevation of the nominal read surface of the 
disc. In another form of the invention, the irregularities are dueno altered 

30 magnetic properties of the medium. 
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In accordance with one embodiment of the present invention, a magnetic 
medium includes - a read surface having a plurality of tracks. Surface 
irregularities in the read surface are in the form of pits or grooves that extend a 
defined depth into the body from the read surface along a servo portion of at 
5 least one of the plurality of tracks. The pits or grooves are arranged in a servo 
pattern that has a servo burst frequency. A magnetic carrier signal is recorded in 
the magnetic medium along the servo portion at a carrier frequency greater than 
the servo frequency. 

In accordance with another embodiment of the magnetic medium, the 
10 magnetic coercivity of the disc is reduced in regions arranged in the servo 
pattern. 

According to another aspect of the invention, a manufacturing process is 
provided by which a plurality of tracks are defined on the read surface of a 
magnetic disc. At least one servo sector portion is defined along each of at least 

15 some of the plurality of tracks, and first and second minimum read-back signal 
amplitudes to be produced by a confronting read head are defined to represent a 
first and second binary values. Irregularities are formed in the disc along each 
servo sector portion to define a desired servo pattern having a servo burst 
frequency. In one embodiment, the irregularities are pits in the disc surface; in 

20 another embodiment the irregularities are regions of reduced magnetic 
coercivity. A magnetic carrier signal is written into the magnetic disc along the 
servo sector portion at a carrier frequency greater than the servo burst frequency. 
In the embodiment employing pits, the pits have a depth, h, into the read surface 
of 

-MS 

where Vj and V 2 are the first and second signal amplitudes and X is the 
wavelength of the magnetic carrier signal. 

According to one embodiment of the manufacturing process,- the 
magnetic carrier signal is written into the disc by positioning a servo writer to 
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confront a first radius of the read surface. The magnetic carrier signal is 
continuously written onto the disc along at least that much of the circumference 
at the first radius that includes a servo sector portion and a portion adjacent the 
servo sector portion. The servo writer is stepped to a second radius adjacent the 
5 first radius, and synchronized to the magnetic pattern written at the first radius. 
The magnetic carrier signal is continuously written onto the disc along at least 
that much of the circumference at the second radius that includes the servo 
sector portion and a portion adjacent the servo sector portion. The process is 
repeated until all of the servo sector portions are written with the magnetic 
10 carrier. 

In one embodiment, the radial repositioning of the servo writer is in half- 
track increments. 

According to another aspect of the present invention, the servo data are 
read from the magnetic disc by reading a varying magnetic field from a servo 
15 sector portion of a track on the disc to derive a read signal. The read signal is 
demodulated using a demodulating signal at the carrier frequency to derive a 
servo signal. The servo signal is recovered using a second signal at the servo 
burst frequency to derive servo data. 

Other features and benefits that characterize the present invention will be 
20 apparent upon reading the following detailed description and review of the 
associated drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a disc drive in which aspects of the 
present invention may be practiced. 
25 FIG. 2 is a plan view illustrating the layout of tracks, user data and servo 

sectors on a disc. 

FIG. 3 is a section view illustrating the geometry of the pits or grooves 
forming the servo pattern according to one embodiment of the present invention. 
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FIG. 4 is a section view illustrating the geometry of regions of reduced 
magnetic coercivity forming the servo pattern according to 'another embodiment 
of the present invention. 

FIG. 5 is a section view, as in FIG. 4, illustrating the process of forming 
5 the regions of reduced magnetic coercivity. 

FIG. 6 is a waveform of a readback signal from the servo sector pattern 
according to the present invention. 

FIG. 7 is a flow diagram illustrating the process of recording the servo 
carrier of the present invention. 
10 FIG. 8 is a diagram of a representation of a recording process useful in 

explaining the process flow illustrated in FIG. 7. 

FIG. 9 is a diagram of a phase locked loop useful in explaining a process 
for compensating for delays while performing the process illustrated in FIG. 7. 

FIG. 10 is a diagram of an exemplary servo pattern according to the 

15 present invention. 

FIGS. 11 and 12 are flow diagrams illustrating processes of recovering 
servo data from a disc containing a servo pattern according to two embodiments 
of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMB ODIMENTS 

20 FIG. 1 is a perspective view of a disc drive 100 in which the present 

invention is useful. Disc drive 100 includes a housing with a base 102 and a top 
cover (not shown). Disc drive 100 further includes a disc pack 106, which is 
mounted on a spindle motor (not shown), by a disc clamp 108. Disc pack 106 
includes a plurality of individual discs, which are mounted for co-rotation about 

25 central axis 109. Each disc surface has an associated head-slider 110 that is 
mounted to disc drive 100 for communication with the confronting disc surface. 
Head-slider 110 includes a slider structure arranged to fly a designed distance 
above the associated disc surface of an individual disc of disc pack 106, and a 
transducing head arranged to write data to, and read data from, concentric tracks on 

30 the confronting disc surface. In the example shown in FIG. 1 , head-sliders 1 10 are 
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supported by suspensions 1 12 which are in turn attached to track accessing arms 
1 1 4 of an actuator 1 16. Actuator 1 16 is driven by a voice coil motor (VCM) 1 18 
to rotate the actuator, and its attached heads 1 1 0, about a pivot shaft 120. Rotation 
of actuator 1 16 moves the heads along an arcuate path 122 to position the heads 
5 over a desired data track between a disc inner diameter 124 and a disc outer 
diameter 126. Voice coil motor 118 is driven by servo electronics included on 
circuit board 130 based on signals generated by the heads of head-sliders 1 10 and a 
host computer (not shown). Read and write electronics are also included on circuit 
board 1 30 to supply signals to the host computer based on data read from disc pack 
10 106 by the read heads of head-sliders 1 10, and to supply write signals to the write 
head of head-sliders 1 10 to write data to the discs. 

FIG. 2 illustrates the layout of tracks 200 on disc 106. Each track has a 
plurality of user data sectors 202 and a plurality of servo sectors 204. There are 
a plurality of concentric tracks 200 between an inner track 206 and an outer 
15 track 208. Radially-extending spokes 210 cross each track at selected locations 
along each track to define the servo sectors 204 for the respective track. Each 
servo sector contains a recorded servo pattern representative of servo data. 
Conveniently, disc 106 may be recorded by zone bit recording techniques, well 
known in the art, in which different radial zones 212 and 214 are recorded at 
20 different user data frequencies. 

In accordance with the present invention, the servo pattern in servo 
sectors 204 is recorded as a pattern of irregularities in the magnetic properties of 
the disc arranged to represent servo data. The pattern represents, for example, 
track identification, indexing marks and information, servo address, head 
25 number, sector number and position error information. FIG. 3 illustrates the 
pattern of irregularities as pits or grooves in the surface of the disc. As used 
herein, the term "pit" encompasses any surface irregularity, including 
depressions and rises, without regard to shape, that define elevations different 
from the nominal surface of the disc. Hence, a "pit" may be manifest as a 
30 circular or square depression into the surface of the disc on a single track, or as a 
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groove depression into the disc surface across several tracks. While it is 
preferred surface irregularities, such as pits, be depressions into the disc surface, 
the surface irregularities may also be manifest as raised bumps or ridges on a 
single track or across several tracks. Hence, as used herein, "pit" encompasses 

5 depressions into the disc surface as well as rises above the disc surface. Other 
embodiments, such as illustrated in FIGS. 4 and 5, employ irregularities as 
regions of coercive discontinuities. In either case, a varying magnetic field 
intensity is sensed by the read head passing the servo pattern. 

FIG. 3 illustrates the servo sector 204 on a track of disc 106. Pits 220 are 

10 formed into the surface of a substrate 222 of disc 106. The pits may be etched 
or cut into the substrate 222, or simply pressed into the substrate during 
fabrication of the substrate. A magnetic film 224 is formed on substrate 222, 
such as by a sputter deposition technique, well known in the art. 
Conventionally, a carbon overcoat and lubrication (not shown) are formed on 

15 magnetic film 224, also well known in the art. Magnetic film 224 conforms to 
the contour of the surface of substrate 222 to form pits 226 in the read surface 
228 of the disc. The pattern of pits 226 along the length of servo sector 204 
defines the servo pattern, representing servo data. When disc 106 is rotated at 
the operating rotational velocity, pits 226 pass head 110 at the design servo 

20 frequency, such as between 20MHz and 45MHz. 

A high-frequency magnetic carrier is written onto the disc. In one form 
of the invention, the high-frequency magnetic carrier is written onto the disc 
after assembly of the disc to the disc drive by applying the high-frequency 
carrier signal to the write head of the disc drive. In another form of the 

25 invention, the high-frequency carrier is written with a servo writer. In either 
case, the carrier frequency is greater than the servo burst frequency, such as 
between about 75 and 100 MHz for servo burst frequencies of 20 to 45 MHz. 
The lower limit of the carrier frequency range should be high enough to achieve 
modulation with the servo burst frequency herein described, whereasthe upper 

30 limit of the carrier frequency is limited only by the ability of the electrical 
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circuits and components of the servo recovery system. The carrier signal may 
be in the lower end of the user data frequency. - In preferred embodiments, the 
carrier frequency is 2.8 times that of the servo burst frequency of pits 226, 
although a carrier frequency of at least twice the servo frequency is adequate. 
5 As illustrated in FIG. 3, the head and slider 1 10 aerodynamically "fly" 

over the surface 228 of disc 106 as the disc rotates. Read member 230 of head 
110 senses changing magnetic fields from the disc to provide readback signals 
representative of information represented by the changing magnetic fields. Read 
member 228 may, for example, be the gap between the poles of an inductive 
,0 read head, or the magnetoresistive element of a magnetoresistive read head or 
giant magnetoresistive head. 

When reading the servo pattern illustrated in FIG. 3, the read head 1 10 
reads the magnetic carrier frequency written to the disc to provide a readback 
signal. The readback signal will be amplitude modulated due to pits 226, the 
15 amplitude of the modulation being dependent on the depth of the pits. More 
particularly, the voltage of the signal produced by head 110 is represented by 

v = k . e -¥ f where V is the signal amplitude, k is a constant of proportionality, 
d is the distance from the head to the center of magnetic film 224 and X is the 
wavelength of the carrier frequency. Where the head confronts a pit 226 having 
20 a pit depth h, the ratio of the readback peak amplitudes is: 



25 



where h is the depth of pit 226, V 2 is the peak readback amplitude over the 
medium surface 228, and V, is the peak readback amplitude over a pit 226. 
Consequently, 

where d, is the distance between the head and the bottom of pit 226 and d 2 is the 
distance between the head and the medium surface 228. 
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It will be appreciated that the depth h of pits 226 can be made small 
without affecting the amplitude modulation ratio, simply by increasing the 
frequency (reducing the wavelength X) of the magnetic carrier. Consequently, 
the present invention minimizes flyability issues of the flying head 110 by 

5 reducing the depth of the pits. A high amplitude modulation ratio is maintained 
by recording a high frequency magnetic carrier through the servo sector 
containing the pits. 

FIG. 4 illustrates the servo sector 204 on a track of disc 106. In this 
case, magnetic film 300 is formed on the surface cf substrate 302 of disc 106 

10 and includes regions 304 having a high coercivity (Hc2) and regions 306 having 
a low coercivity (H C i). Consequently, top surface 308 of disc 106 is smooth and 
has no surface irregularities to affect flying characteristics of head 110. Regions 
306 are arranged in the pattern of the servo pattern and are formed by applying 
an ion beam to magnetic film 300 after film 300, with a high coercivity of Hq, 

15 has been deposited onto substrate 302. As in the case of FIG. 3, the pattern of 
regions 306 along the length of servo sector 204 defines the servo pattern, 
representing servo data. When disc 106 is rotated at the operating rotational 
velocity, regions 306 pass head 110 at the design servo frequency, such as 
between 20MHz and 45MHz. The head and slider 110 aerodynamically "fly" 

20 over the surface 308 as the disc rotates. Read member 230 of head 1 10 senses 
changing magnetic fields from the disc to provide readback signals 
representative of information represented by the changing magnetic fields. 

FIG. 5 illustrates a process of forming regions 306 of lowered coercivity 
in magnetic film 300. After magnetic film 300 has been formed on substrate 

25 302, and preferably before application of carbon overcoat or lubricant to the top 
surface of the film, a patterned mask 310 is formed on the top surface of 
magnetic film 300. Mask 310 includes apertures 312 in the pattern of the servo 
data. Initially, magnetic film 300 has a high coercivity (Hq), suitable for 
recording data. An ion beam 3 1 4 is directed at mask 3 1 0 and through" apetfures 

30 3 12 to impinge on regions 306 of film 300. The ion beam may be any suitable 
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ion beam, such as nitrogen, argon, etc. The ion beam affects the magnetic 
properties of the material of film 300 in the regions 306 to lower the coercivity 
of the film in regions 306 to Ha, while leaving a high coercivity, Hc2, in regions 
304 protected by mask 310. We have observed that reduction of coercivity in 
5 film 300 is dependent on the strength of the ion beam and duration of the 
process. Thus, higher ion beam intensities and longer application of the beam to 
regions 304 increases the reduction of coercivity in regions 304. 

As in the case of the embodiment of FIG. 3, a high-frequency magnetic 
carrier is written onto the disc after assembly of the disc to the disc drive, or 
10 with a servo writer. The carrier frequency is preferably between about 75 and 
100 MHz for servo burst frequencies of 20 to 45 MHz. In preferred 
embodiments, the carrier frequency is 2.8 times that of the servo burst frequency 
of regions 306, although a carrier frequency of at least twice the servo frequency 
is adequate. 

15 When reading the servo pattern illustrated in FIG. 4, the readback signal 

will be amplitude modulated due to regions 306. Unlike the embodiment of 
FIG. 3, the amplitude of the modulation is not dependent on the depth of any 
pits, or even the thickness of film 300. The voltage of the signal produced by 

2nd 

head 1 10 is represented by V = kH c • e x , where V is the signal amplitude, H c 
20 is the magnetic coercivity, k is a constant of proportionality, d is the distance 
from the head to the center of magnetic film 300 and X is the wavelength of the 
carrier frequency. For a given wavelength X of the carrier frequency and a given 
fly height d of head 110 over surface 308, the ratio of the readback peak 
amplitudes detected between region 304, having a coercivity Hc2, and region 
25 306, having a reduced coercivity Hew is: 

V x H cx ' 

where V 2 is the peak readback amplitude over the medium surface 3M adjacent 
regions 304, and Vj is the peak readback amplitude over surface 308 adjacent 
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regions 306. Thus, the ratio of the peak readback amplitudes is directly 
proportional to the ratio of the coercivities of the medium in regions 304 and 
306: 

5 In preferred embodiments, He. is about 700 to 900 Oersteds below Hca- 
Therefore, AHc=Hc2-H C i and is between about 700 and 900 Oe. 

FIG. 6 illustrates the readback signal derived from the servo pattern 
modulated by the magnetic carrier in accordance with the present invention. By 
selecting a high frequency magnetic carrier, the peak amplitude, illustrated in 
FIG. 6, varies between two levels, one at about 0.7 volts (V 2 ) representing the 
lands between pits at 232 (FIG. 3) or regions 304 of high coercivity (FIG. 4), 
and the other at about 0.3 volts (V,) representing pits at 230 (FIG. 3) or regions 
306 of low coercivity (FIG. 4). In the embodiment of FIG. 3, the depth h of pits 
226 is inversely proportional to the frequency of the carrier signal. The ratio of 
the readback signals (V 2 /V,) must be adequate to perform demodulation, as 
described in connection with FIG. 10. In the embodiment of FIG. 3, the ratio of 
readback signals (V 2 /V.) is directly proportional to the depth of pits 226 and 
inversely proportional to the wavelength of the carrier signal; in the embodiment 
of FIG. 4, the ratio of readback signals (V 2 /V,) is proportional to the ratio of the 
coercivities of regions 304 and 306 (Hq/HcO- For the purposes of the present 
invention, it is preferred that V 2 be at least twice as great as V, so the ratio 
V 2 /V, is at least 2, although those skilled in the art will recognize that different 
or smaiier ratios may be employed. The lower limit of the ratio is limited only 
by the resolution of the electronic circuits. In the example given, the ratio V 2 /V, 
is about 2.3. For any given ratio V 2 /V, of the peaks of the modulated readback 
signal, the depth h of pits 226 (FIG. 3) may be minimized to a design depth 
simply by increasing the carrier frequency of the magnetic carrier recorded 
through servo sectors 204. 



15 



20 



25 
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FIG. 7 is a flow diagram illustrating the process for writing the magnetic 
carrier into servo sectors 204. The process begins at step 250 by selecting an 
initial data track, such as the innermost or outermost data track of disc 106. 
While the process of FIG. 7 will be explained with reference to the innermost 
5 track being the initial track, the process may commence with the outermost 
track. In some cases, it may be desirable to begin midway between the 
innermost and outermost tracks. 

The process of FIG. 7 begins by positioning the write head so that the 
write element is over the initial data track. At step 252 the selected carrier 
10 signal applied to the write element to write the magnetic carrier into the disc 
along a swath that includes at least a portion of the initial data track. The swath 
of the recorded carrier signal may be larger or smaller than a data track, and 
does not necessarily correspond to a data track. The carrier signal is written into 
all of the servo sectors 204 and at least a portion of the user sectors 202. The 
1 5 carrier signal thus recorded is then read by a read head associated with the write 
head to make certain that a write splice does not appear in a servo sector 204. 

A write splice is the point on a swath where the write operation overlaps 
and ends. Since the lengin of the swath might not be an exact multiple of the 
wavelength X of the carrier, the writing of the carrier frequency to the entire 
20 swath may end with a mis-match of the written carrier. The location of the mis- 
match is the write splice. It is preferred that this splice does not appear in a 
servo sector 204. (The splice may appear in a data region 202 because that 
region will later be overwritten with user data anyway.) 

Based on the carrier signal read from the swath, a determination is made 
25 at step 254 of whether the splice appears in a servo sector. If the splice is in a 
servo sector, the process loops back to step 252 and rewrites the carrier for the 
swath. If the splice is not in a servo sector, the process continues to step 256 to 
determine if the swath just written is the last swath to write. If it is not, actuator 
118 (FIG. 1) of the write head is operated at step 258 to step the" write .head 
30 outwardly one swath (or inwardly, if the initial swath was at the outermost data 
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track). At step 260, the read head associated with the write head reads the 
carrier previously written to the adjacent swath and synchronizes the write 
signal to the phase and frequency of the carrier. The process then loops back to 
step 252 to write the carrier signal into the next swath location. The process 
5 continues through several iterations until the entire disc is written with the 
magnetic carrier, and step 256 identifies that the last swath has been completed, 
whereupon the process ends at step 262. 

The present invention is preferably carried out in the disc drive, rather 
than a separate track writer. This provides the advantage of initializing the disc 

10 in the drive, thereby eliminating the expense of an additional initializing 
procedure. Consequently, the carrier signal is written with the write element of 
the drive head 110 (FIG. 1). Because the width of the write element of a disc 
drive head is typically smaller than the center to center distance between data 
tracks, it is preferred that the swaths of carrier signal are recorded in half-track 

15 increments across the disc radius. By employing half-step increments to the 
carrier swaths, the carrier signal is recorded seamlessly across the disc radius. 
As a result, the magnetic carrier signal is coherently written to the disc. 

The process bootstraps the carrier across all of the swaths, and hence all 
of the data tracks, by synchronizing the signal onto frequency and phase of the 

20 carrier written in the previous swath. Thus, when the write element is 
positioned to a second or subsequent radial swath position (step 258 in FIG. 7), 
the carrier signal is synchronized onto that written at the immediately prior 
radial swath position. 

The process of FIG. 7 is accomplished by reading the previously written 

25 carrier from a first swath during a first revolution of the disc to synchronize the 
write signal for the write head to the phase and frequency of the previously 
written carrier. The synchronized carrier is then written to a second swath on 
the disc during a second revolution. While this process might be carried out by 
reading the carrier once and writing the entire second carrier ovei-an entire 

30 circumference of the second swath, the risk exists that accurate phase 
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synchronization may not be possible over an entire revolution. Consequently, it 
is preferred that synchronizing and writing be performed on a sector-by-sector 
basis. Thus, as shown in FIG. 8, after the first swath has been written and the 
write element is positioned to write the second swath, the read element reads the 
5 carrier frequency in selected data regions 261 in the first swath. The write 
circuit synchronizes the write signal onto the phase and frequency of the read 
carrier and operates write element to write the synchronized carrier into regions 
263 on the second swath, between the synchronizing regions 261. Similarly, 
upon completion of the second swath, the read element reads, and synchronizes 

10 to, the carrier frequency in selected data regions 265 in the second swath and the 
write element writes the synchronized carrier into region 267 on the third swath. 
Regions 261 and 265 are circumferencially offset assuring that a synchronizing 
carrier signal is present in the data region of a prior carrier swath for each 
successive carrier writing. 

15 Power supply voltage fluctuations and temperature fluctuations in the 

read and write electronics alter delays of signals in the read and write circuits 
during carrier writing, leading to phase shifts between adjacent carrier signal 
swaths. To compensate for these delays, and to achieve phase coherence of the 
carrier across the seams between adjacent carrier swaths, a phase locked loop is 

20 employed, such as illustrated in FIG. 9. The phase locked loop includes 
comparator 262 that receives the written carrier signal from the read circuits 266 
coupled to read/write head 110 (FIG. 1) and supplies a carrier signal output to 
the write circuits 268 coupled to head 110. Write circuits 268 provide the 
carrier signal to the write head and to programmable delay 264, which in turn 

25 supplies a delayed carrier signal to a second input of comparator 262. Delays in 
the read and write circuits 266 and 268 may result in the carrier signal provided 
by write circuits 268 being out of synchronization with that read by the read 
head. Consequently, the servo electronics (such as on board 130 in FIG. 1) 
operates programmable delay 264 to delay the write carrier signah until the 

30 phases of the signals to comparator 262 are not significantly different, thereby 
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achieving phase coherence and minimizing the effects of delays in the electronic 
circuits. 

While the present invention is described in connection with phase and 
frequency synchronization, frequency locking procedures may be employed if 
5 steps are taken to eliminate carrier frequency drift during initialization. 

In most disc drives the read and write elements of head 110 (FIG. 1) are 
radially offset or skewed. Moreover, the offset is different at different tracks. 
Consequently, it may be necessary to calculate the radial offset between the read 
and write elements. One technique for calculating offset is to write a carrier 

10 signal onto the disc with the write element and move the read element radially in 
and out from the carrier swath center until the read head senses some 
predetermined amplitude change, such as -3dB. The offset can then be 
calculated from the read element radial positions. Because offset is different at 
different radial positions, it may be necessary to perform this process at several 

15 radial locations across the disc. 

When commencing with the inside diameter track, it is preferred that the 
read element be offset toward the inner track on the disc rather than the outer 
track so that the read element reads the carrier generated in the immediately 
previous loop of the process illustrated in FIG. 7. Conversely, when beginning 

20 with the outermost track, it is preferred that the read element be offset toward 
the outer track of the disc so that the read element reads the carrier signal written 
in the previous loop of the process illustrated in FIG. 7. In some cases, it may 
be preferred to begin the process midway between the innermost and outermost 
tracks on disc 1 06, working outward from the midtrack during one portion of the 

25 process, re-synchronizing onto the written carrier and working inward from the 
midtrack during a second portion of the process. In any case, it is preferred that 
the radial offset of the read element be ascertained so that stepping of the 
read/write head to successive radial positions assures proper reading and writing 
of the swaths of carrier signal. 
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The process may be performed by a pre-initialization device, such as a 
servo writer that writes the carrier signal to .the disc before assembly to the disc 
drive. A principal advantage of pre-initialization devices is that radial offset of 
the read and write elements across the disc radius is known, thereby eliminating 
5 the need for repeated offset calculation. Moreover, exceptionally wide write 
heads may be employed in servo writers to maximize the carrier swaths over 
several data tracks and minimize non-repeatable runout due to disc flutter or 
spindle runout. Additionally, the write elements of most disc drives produce 
side erasing, which in the present invention increases the risk of radial seams 

10 between carrier tracks. Track writers may employ more expensive write 
elements that reduce side erasing and minimizes the risk of seams. 

FIG. 10 illustrates the carrier written to disc 106 over the lands 228 (FIG. 
3) or regions 304 (FIG. 4) shown in light lines, and pits 226 (FIG. 3) or regions 
306 (FIG. 4) shown in heavy lines, through servo sectors 204 of three tracks 

15 200. The servo sectors along each track are radially adjacent as part of a spoke 
210 that extends radially across a plurality of tracks (FIG. 2). Each sector 204 
includes regions 270, 272 and 274 that include pits 226 (FIG. 3) or regions 306 
(FIG. 4) written in patterns to reflect servo data, such as synchronization marks 
(region 270), track and/or sector identification (region 272) and position error 

20 identification (region 274). As illustrated in FIG. 10, and particularly in the 
regions of the synchronization marks of region 270 and identification marks of 
region 272, some of the pits 226 or regions 306 are in the shape of grooves or 
lines extending radially over two or more tracks. The pattern of grooves or lines 
in region 270 represents the servo burst frequency of the pattern of servo pits 

25 226 or regions 306. Lock region 276 may be included in the completed servo 
sector, or may be formed in the user data region 202 during the writing of the 
carrier for use in bootstrapping the writing of the carrier, as described in 
connection with FIG. 7. More particularly, if readback signals are demodulated 
as described in connection with FIG. 11, lock region 276 is included in the 

30 completed servo sector for recovery of the demodulation signal. On the other 
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hand, if another technique, such as peak detection, is employed to recover the 
readback signal, lock region 276 may be outside the servo sector. If lock region 
276 is not part of the finished servo sector (thus is written to the user data region 
during writing of the carrier), the lock data is over-written with user data during 
5 later use of the disc. 

FIG. 1 1 illustrates a process of recovering servo data from a servo sector 
according to the present invention. At step 280, head 110 recovers a readback 
signal from the servo sector. The readback signal is as illustrated in FIG. 6 with 
low amplitude peaks in regions 230 representing pits 226 and high amplitude 

10 peaks in regions 232 representing the disc surface 228. In one form of the 
invention, the readback signal is amplitude demodulated at step 282 using a first 
demodulating signal at the magnetic carrier frequency (e.g., 75 to 100 MHz) that 
is recovered from the lock region 276 within the servo sector. The resulting 
demodulated signal is the servo signal, which is turn is demodulated at step 284 

15 using a second demodulating signal at the servo frequency (e.g., 20MHz to 
45MHz), thereby deriving the servo data. 

FIG. 12 illustrates a process of recovering servo data from a servo sector 
according to a second embodiment of the present invention. At step 290, head 
1 1 0 recovers a readback signal from the servo sector. The readback signal is as 

20 illustrated in FIG. 6 with low amplitude peaks in regions 230 representing pits 
226 or regions 306 and high amplitude peaks in regions 232 representing the 
disc surface 228 (FIG. 3) or regions 304. In this form of the invention, the 
readback signal is demodulated at step 292 in a manner similar to that illustrated 
in the process of FIG. 1 1, to derive the servo signal. The servo data are derived 

25 from the servo signal at step 294 using peak detection or other similar 
techniques well known in the art. 

In any case, the servo data are read from a disc in accordance with the 
present invention by reading the magnetic field generated by the high frequency 
carrier signal as amplitude modulated by the pits or regions of low-coercivity. 

30 The readback signal is recovered and demodulated by the carrier signal 
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frequency (e.g., 75 to 100 MHz), thereby deriving the servo signal having a 
servo burst frequency based on the irregularities in magnetic properties of the 
disc (e.g., 20 to 45 MHz). The servo data is then derived from the servo signal 
using the servo burst frequency. 
5 Alternatively characterized, a first contemplated embodiment of the 

present invention provides a magnetic medium comprising a magnetic disc 1 06 
defining a read surface 228 having a plurality of tracks 200. Irregularities in the 
medium are arranged in a pattern along the servo sectors 204 of at least one of a 
plurality of tracks 200. In one form of the magnetic medium, the irregularities 

10 comprise a plurality of pits 226 that extend into the disc. The pits are arranged 
along the servo sector in a servo pattern (FIG. 10) and have a defined depth, h. 
In another form of the magnetic medium, the irregularities comprises a plurality 
of regions 306 of reduced magnetic coercivity arranged along the servo sector in 
the servo pattern. The servo pattern has a servo frequency (e.g., between 20 

15 MHz and 45 MHz). A magnetic carrier is recorded in the magnetic body along 
the servo sector, the magnetic pattern having a carrier frequency (e.g., 75 to 100 
MHz) that is greater than the servo frequency. 

A second contemplated embodiment of the invention provides a process 
of manufacturing such a magnetic disc in which a plurality of tracks 200 are 

20 defined on the read surface 228, with at least one servo sector 204 being defined 
along each of at least some of the plurality of tracks. In one embodiment of the 
manufacturing process, a plurality of pits 226 are formed in the read surface in a 
servo pattern along each servo sector 204.- The servo pattern has a servo 
frequency, and the piL> have a depth, h, into the read surface. A magnetic carrier 

25 is written in the magnetic disc along the servo sector portions at a carrier 
frequency, the carrier frequency being greater than the servo frequency such that 

h = In — - , 

2:1 {Vj 

where X is the wavelength of the magnetic carrier, Vi is a first readback signal 
peak amplitude provided by the read head confronting a pit and V2 is a second 
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readback signal peak amplitude provided by the read head confronting the disc 

surface between pits. 

In another embodiment of the manufacturing process, an ion beam 314 is 
directed to regions 306 of the disc surface to reduce the magnetic coercivity of 
5 the disc in the region 3u6. The magnetic carrier is written in the magnetic disc 
along the servo sector portions at the carrier frequency, the carrier frequency 
being greater than the servo frequency such that 

-^-oc — — . 

In a preferred process of manufacture, the carrier is written by 

10 positioning a write head to confront a first radius of the read surface at step 250. 
The magnetic carrier is then continuously written at step 252 along a circular 
region (e.g., at a track 200) at the first radius that includes a servo sector 204 and 
a portion before the servo sector. The write head is then stepped during step 258 
to confront a second radius (e.g., one-halftrack from the first track 200) adjacent 

15 the first radius. The write carrier signal is synchronized to the magnetic carrier 
previously written (step 260), and the magnetic carrier is continuously written 
along a circular region (e.g., the second track) at the second radius that includes 
a servo sector and a portion before the servo sector. The process is repeated 
until the entire disc is written with the carrier (step 256, 262). 

20 In a preferred process of use, servo data is recovered from a magnetic 

disc 106 as above described. The magnetic field from a servo sector of a 
selected track on the disc is read at step 280, 290 to derive a readback signal, as 
illustrated in FIG. 6. The readback signal is amplitude recovered at step 282, 
292 at the carrier frequency. The resulting signal is a servo signal. The servo 

25 signal is demodulated at step 284, 294 using a demodulating signal at the servo 
frequency to derive servo data. 

Although the present invention has been described with reference to a 
servo partem for embedded servo systems with magnetic writing, these skilled 
in the art will recognize that the present invention may be practiced with other 
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system modifications, including but not limited to dedicated servo systems and 
systems employing other writing technologies, such as magneto-optic writing. 

It is to be understood that even though numerous characteristics and 
advantages of various embodiments of the present invention have been set forth 
5 in the foregoing description, together with details of the structure and function 
of various embodiments of the invention, this disclosure is illustrative only, and 
changes may be made in details, especially in matters of structure and 
arrangement of parts within the principles of the present invention to the full 
extent indicated by the broad general meaning of the terms in which the 

10 appended claims are expressed. For example, particular elements may vary 
depending on the particular application for the surface irregularities while 
maintaining substantially the same functionality without departing from the 
scope and spirit of the present invention. Thus, while the invention is described 
in connection with writing the carrier signal on the disc using the disc drive 

15 electronics and heads, the process of writing the carrier signal might be 
accomplished using a servo writer. Additionally, a conventional track writer 
might be employed by locking the carrier to a clock derived from 
circumferential timing of the disc or evcii using self-clocking techniques from 
the write head. In addition, although one embodiment described herein is 

20 directed to pits as depressions in the disc surface, it will be appreciated by those 
skilled in the art that the teachings of the present invention can be applied to 
other forms of surface irregularities, including raised bump patterns, and doublet 
patterns comprising a pit and bump, without departing from the scope and spirit 
of the invention. Additionally, while another embodiment described herein is 

25 directed to employing an ion beam to reduce the magnetic coercivity of regions 
of the disc forming the servo pattern, other techniques, including implantation, 
may be employed to alter the magnetic characteristics without departing from 
the scope and spirit of the invention. 
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WHAT IS CLAIMED IS: 

1 . A magnetic medium comprising: 

a magnetic body defining a read surface having a plurality of tracks; and 
means extending along a servo sector of at least one of the plurality of 
5 tracks defining a servo pattern at a servo frequency. 

2. The magnetic medium of claim 1, wherein the means defining a servo 
pattern comprises: 

a plurality of irregularities in magnetic properties of the magnetic body 
extending along the servo sector, the irregularities being arranged 
along the servo sector in the servo pattern at the servo frequency, 
and 

a magnetic partem recorded in the magnetic body along the servo sector, 
the magnetic pattern having a carrier frequency greater than the 
15 servo frequency. 

3. The magnetic medium of claim 2, wherein the magnetic body is a 
magnetic disc and the irregularities in magnetic properties comprises surface 
irregularities in a read surface of the disc. 

4. The magnetic medium of claim 2, wherein the magnetic body is a 
magnetic disc and the irregularities in magnetic properties comprises 
discontinuities in magnetic coercivity in the magnetic disc. 

5. The magnetic medium of claim 2, wherein the carrier frequency is at 
least twice the servo frequency. 

6. A process of manufacturing a magnetic disc for use with a read head in a 
disc drive, the read head being designed to fly a predetermined height from a 



20 



25 
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read surface of the disc to provide a readback signal having amplitudes based on 
magnetic fields generated from the disc, the process comprising steps of: 

(a) defining a plurality of tracks on the read surface, each track 
having at least one data sector and at least one servo 
sector; 

(b) forming a plurality of irregularities in magnetic properties of the 
magnetic disc in a pattern along each servo sector, the 
pattern having a servo frequency; and 

(c) writing a magnetic carrier in the magnetic disc along the servo 
sectors at a carrier frequency that is greater than the servo 
frequency. 

7. The process of claim 6, wherein the irregularities in magnetic properties 
are surface irregularities having an elevation, h, different from the read surface 
15 such that 




where X is the wavelength of the magnetic carrier, V! is a first readback signal 
peak amplitude provided by the read head confronting a surface irregularity and 
V 2 is a second readback signal peak amplitude provided by the read head 
20 confronting the read surface. 



5 



10 
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8. The process of claim 7, wherein step (c) comprises steps of: 

(cl) positioning a write dement to confront a first radius of the read 
surface, 

(c2) writing the magnetic carrier at the first radius along a circular 
5 region of the disc that includes a servo sector and at least 

a portion of a data sector, 
(c3) stepping the write element to confront a second radius of the read 

surface adjacent the first radius, 
(c4) locking a carrier signal to the write element onto the magnetic 
10 carrier written in step (c2), 

(c5) writing the magnetic carrier at the second radius along a circular 
region of the disc that includes a servo sector and at least 
a portion of a data sector, and 
(c6) repeating steps (c3) through (c5) until all of the servo sectors are 
15 written with the magnetic carrier. 

9. The process of claim 7, wherein step (c3) is performed at half-track 
increments. 

20 10. The process of claim 7, wherein step (c4) is performed by 

(c4i) reading the magnetic carrier written in step (c2) ? and 
(c4ii) selectively delaying the read magnetic carrier to derive the carrier 
signal. 

25 11. The process of claim 7, further including before step (b), steps of: 

(d) selecting a ratio for V 2 /Vj adequate to demodulate the readback 

signal, and 

(e) selecting a magnetic carrier having a small wavelength X, to 

minimize the effect of the surface irregularities~on flying 
30 characteristics of the head. 
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12. The process of claim 6, wherein the magnetic disc has a magnetic 
coercivity and step (b) comprises steps of: 

(bl) defining first regions in a pattern along each servo sector, the 
5 pattern of regions defining a servo frequency, 

(b2) reducing the magnetic coercivity of the magnetic disc in the first 
regions so that 



where Hc2 is a magnetic coercivity of the magnetic disc, Hci is the reduced 
10 magnetic coercivity, Vi is a first readback signal peak amplitude provided by the 
read head confronting a first region of reduced coercivity and V 2 is a second 
readback signal peak amplitude provided by the read head confronting a region 
of the magnetic disc outside the first region. 

15 13. The process of claim 12, wherein step (c) comprises steps of: 

(cl) positioning a write element to confront a first radius of the read 
surface, 




H 4 



C2 



Cl 



25 



20 



(c2) writing the magnetic carrier at the first radius along a circular 

region of the disc that includes a servo sector and at least 

a portion of a data sector, 
(c3) stepping the write element to confront a second radius of the read 

surface adjacent the first radius, 
(c4) locking a carrier signal to the write element onto the magnetic 

carrier written in step (c2), 
(c5) writing the magnetic carrier at the second radius along a circular 

region of the disc that includes a servo sector and at least 

a portion of a data sector, and 
(c6) repeating steps (c3) through (c5) until all of the servo-sectors are 

written with the magnetic carrier. 
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14. The process of claim 13, wherein step (c3) is performed at haif-track 
increments. 

5 15. The process of claim 13, wherein step (c4) is performed by 
(c4i) reading the magnetic carrier written in step (c2), and 
(c4ii) selectively delaying the read magnetic carrier to derive the carrier 
signal. 

10 16. The process of claim 6, wherein the magnetic disc has a first magnetic 

coercivity, Hc2, and step (b) comprises steps of: 

(bl) forming a mask on the read surface of the disk defining first and 

second regions on the disc surface in a pattern defining a servo frequency along 

each servo sector, and 
15 (b2) applying an ion beam to the second regions to change the 

magnetic coercivity of the magnetic disc in the second regions to a second 

coercivity, Hci, so that 

Vi x Her 
K H cl ' 

where V 2 is a first readback signal peak amplitude provided by the read head 
20 confronting the first region and V| is a second readback signal peak amplitude 
provided by the read head confronting the second region. 

17. A process of recovering servo data from a magnetic disc having a read 
surface containing a plurality of tracks each having servo sectors containing a 
25 plurality of irregularities in magnetic properties of the disc arranged in servo 
patterns at a predetermined servo frequency, and a magnetic carrier recorded in 
the servo sectors at a predetermined carrier frequency, the process comprising 
steps of: 



BNSOOCID: <WO 0143122A2_I_> 



WO 01/43122 



PCT/US00/42493 



-26- 



(a) 



reading a magnetic field from a servo sector of a selected track on 



(b) 
(c) 



the disc to derive a readback signal; 
recovering a servo signal from the readback signal; and 
demodulating the servo signal with a demodulating signal at the 



5 



servo frequency to derive servo data. 



18. The process of claim 17, wherein step (b) is performed by demodulating 
the readback signal with a second demodulating signal at the carrier frequency. 

10 19. The process of claim 17, wherein step (b) is performed by detecting 
peaks in the readback signal. 

20. The process of claim 17, wherein the irregularities in magnetic properties 
are selected from the group comprising surface irregularities at an elevation 
15 different from a nominal surface of the read surface and discontinuities in 
magnetic coercivity of the magnetic disc. 
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AMENDED CLAIMS 

[received by the International Bureau on 19 December 2001 (19.12.01); 
original claims 1, 2. 6 and 7 amended; remainmg claims unchanged (2 pages)] 

A magnetic medium comprising: 

a magnetic body defining a read surface having a plurality of tracks; and 

me ans extending along a length of a servo sector of at least one of the plurality of 

tracks defining a servo pattern representing servo data having a servo 

frequency. 



Z 

comprises: 



The magnetic medium of claim 1. wherein the means denning a servo pattern 
ises: 

a pattern of irregularities in magnetic properties of the magnetic body extending 
along the length of the servo sector, the pattern of irregularities 
representing servo data at the servo frequency, and 
a magnetic pattern recorded in the magnetic body along the length of the servo 
sector, the magnetic pattern having a carrier frequency greater than the 
servo frequency, the magnetic pattern forming regions adjacent the 
partem of irregularities defining a predetermined ratio of magnetic 
strengths. 

3 The magnetic medium of claim 2, wherein the magnetic body is a magnetic disc 
and the irregularities in magnetic properties comprises surface irregularities in a read 
surface of the disc. 

4 The magnetic medium of claim 2, wherein the magnetic body is a magnetic disc 
and the irregularities in magnetic properties comprises discontinuities in magnetic 
coercivity in the magnetic disc. 

5. The magnetic medium of claim 2, wherein the carrier frequency is at least twice 
the servo frequency. 
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6. A process of manufacturing a magnetic disc for use with a read head in a disc 
drive, the read head being designed to fly a predetermined height from a read surface 
of the disc to provide a readback signal having amplitudes based on magnetic fields 
generated from the disc, the process comprising steps of: 

(a) defining a plurality of tracks on the read surface, each track having at least 

one data sector and at least one servo sector; 

(b) forming a plurality of irregularities in magnetic properties of the magnetic 

disc in a pattern along each servo sector, the partem having a servo 
frequency; and 

(c) writing a magnetic carrier in the magnetic disc along the length of the 

servo sectors at a carrier frequency that is greater than the servo 
frequency, to form regions adjacent the irregularities defining a 
predetermined ration of magnetic strengths. 

7. The process of claim 6, wherein step (b) comprises steps of: 

bl) forming surface irregularities in the discs having an elevation, h, different 
from the read surface such that 

where X is the wavelength of the magnetic carrier, Vi is a first readback signal peak 
amplitude provided by the read head confronting a surface irregularity and V 2 is a 
second readback signal peak amplitude provided by the read head confronting the read 
surface. 
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STATEMENT UNDER ARTICLE 19 

The principal reference, U.S. 3,593,331, describes a system 
of pits in a magnetic disc arranged so that pits of varying 
widths across the track are centered on the track and edge pits 
are along the edges of the track. The pits are used to sense the 
position of the transducing head relative to the track for head 
position control. 

To more clearly distinguish claims from the reference, the 
claims are amended to recite that the magnetic pattern forms 
regions adjacent the irregularities in the medium to define a 
predetermined ratio of magnetic strengths and that the pattern 
represents servo data. These features clearly distinguish from 
U.S. 3,593,331 in that the pits in the reference do not represent 
servo data, and there is nothing in the reference to suggest a 
predetermined ratio of magnetic strengths. 
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